This paper intends to obtain the short-run average cost minimization and capacity utilization over 34 regional public hospitals in South Korea from 2007 to 2010 using Data Envelopment Analysis (DEA). Also, it explores the average cost for each hospital in order to determine whether the cost is increasing or decreasing. The annual capacity utilization rate, using an adjusted number of patients as an output, was 0.49, and by using value added as an output was 0.56, on average. Only Jeju showed the highest level of capacity utilization regardless of output type. It indicates that almost all regional public hospitals, except for Jeju, have not run with full capacity, and have been in the decreasing area in the short-run average cost curve during the same period.
Introduction
According to an OECD (Organization for Economic Cooperation and Development) report (2013) [1] , the annual growth rate of the total health expenditure of South Korea (9.8%) was much higher than that of OECD average (4.8%) from 2000 through 2009, even though the annual growth rate of Korea decreased from 2010 through 2011 (4.7%) compared to that in the previous period, it is much higher than that of OECD average (0.6%). The public health expenditure as well as the total health care expenditure in South Korea have been steadily increased annually since 2000. In addition, governments in many countries have tried to cut their spending on health care, especially in the public health sector (OECD, 2013) .
Recently, the hottest issue in the public health sector has been the closure of Jinju Medical Center in South
As described earlier, most domestic studies of hospitals have mainly focused on the analysis of the efficiency. The purpose of this paper is to measure cost minimization, capacity utilization rates and scale efficiencies of regional public hospitals from 2007 to 2010 in South Korea, while also considering the public good achieved for the disadvantaged, by adopting the number of patients as one of outputs using DEA. In this context, this paper is significant for being the first to explore the short-run average cost minimization and capacity utilization rate of all regional public hospitals in South Korea. The remainder of this paper is organized as follows: Section 2 explains a theoretical model of cost minimization and capacity utilization of the hospitals based on DEA. Section 3 presents data and the empirical results, and Section 4 provides the conclusions and discussions.
Theoretical Model
Let us assume that a hospital produce a vector of outputs,
, using a vector of inputs,
The production possibility set is as follows:
Assuming strong disposal of inputs and outputs and variable returns to scale, the true technology can be represented by the following set of production possibility:
where 0 y indicates the actual amount of output in Equation (2), the production possibility set under the assumption of constant returns to scale is expressed as follows:
Whereas in the long-run, all factors of production in the hospital are variable, in the short-run, one or more inputs are fixed while others are variable. Therefore, the hospital chooses the variable inputs to minimize the cost of producing a given amount of output in the short-run. The inputs are composed of variable and fixed factors. Equation (4) represents the minimization of the short-run total cost (SRTC), which produces a certain type of output, y L ∈ given the vector of inputs price, p as follows:
where v x and f x indicate variable inputs, v x , and fixed inputs, f x , respectively.
The minimization of the short-run total cost (SRTC) using linear programming can be expressed as follows: 
Whereas short-run average cost (SRAC) is defined as adding average variable cost (total variable cost divided by output) to the average fixed cost (total fixed cost divided by output) in the short-run. j ϕ is a weighted density vector.
The minimization of short-run average cost (SRAC) can be derived by setting to keep the fixed element constant, and the variable factors vary. This can be expressed as follows using linear programming:
Here, variable factors are labor ( ) L and bed ( ) B , and a fixed element is capital stock ( ) K . L P and B P denote the price of labor and bed, respectively.
The maximum output which minimizes the short-run average cost can be obtained from the minimization point in Equation (6) . The capacity utilization rate is the ratio between the maximum output minimizing the average cost and the actual output. Thus, the short-run capacity utilization (SCU) ratio can be derived by comparing the maximum output ( ) 
If y 0 is equal to y * ( ) SCU 1 = , it represents the minimization point of the short-run average cost. If 0 y is less than y * ( ) SCU 1 < , the average cost is in the decreasing area in the short-run average cost curve, which indicates that hospitals are able to reduce the average cost per unit by increasing variable inputs. Whereas if 0 y is greater than y * ( ) SCU 1 > , the average cost is in the increasing area in the short-run average cost curve, which indicates that hospitals are able to reduce the average cost per unit by decreasing variable inputs. Figure 1 shows the relation between the short-run average cost and the capacity utilization rate 1 . In Figure 1 , a point b is the minimum point of the short-run average cost. The left hand side of the minimum point b is the decreasing area of the short-run average cost curve whereas the right hand side of the point b is the increasing area in the short-run average cost curve. Therefore, if the hospital runs at a point a, SCU would be less than one (1), while if the hospital runs at a point c, SCU would be greater than one (1).
Short-run scale efficiency (SSE) can be defined as the ratio between the minimum average cost ( ) SRAC * and the actual average cost (SRAC) in the short-run, hence, it can be represented as follows: Figure 1 . Short-run average cost and capacity utilization rate.
The short-run scale efficiency (SSE) is less than or equal to 1 (one) since SRAC in Equation (8) is the actual average cost in the short-run.
Data and Empirical Result

Data
The data are obtained from financial statements (Balance sheets & Income statements) and final accounts from the Korean Association of Regional Public Hospitals (KARPH) during the period from 2007 to 2010 2 . The total cost of a hospital is measured as a sum of the recurrent cost of hospital in a given year. Both the adjusted number of patients and value added variables are outputs. While adjusted number of patients variable includes the total number of outpatients and the total number of inpatients in a given year, value added variable contains income and loss before income taxes, labor charges, net interest expenses, rental expenses, and taxes as well as public dues. The number of doctors, nurses, and beds are used as inputs. Capital stock (tangible fixed assets) is utilized as a fixed input, which excludes depreciation. Tangible fixed assets include land, buildings, land improvements, machinery, delivery equipment or vehicles, and medical equipment.
All price variables are expressed at constant prices based on 2010 using the Consumer Price Index (CPI). The method to estimate these variables are shown in Table 1 .
Empirical Result
This study intends to seek for the cost minimization and capacity utilization rate over 34 regional public hospitals. When it comes to reduction of the cost, it is plausible to save the cost via enlargement or reduction of input factors for hospitals. It, then, can define the average cost for each hospital to determine whether a hospital runs at the minimum average cost.
The annual capacity utilization ratio of the regional public hospitals, across the nation, showed 0.49 on average using adjusted number of patients as an output in Table 2 . Jeju showed the highest capacity utilization ratio, and Seoul (0.93), Chungju (0.84), Anseong (0.76), Seogwipo (0.70), and Busan (0.69) followed after Jeju while Suncheon (0.19) and Yeongwol (0.19) showed the lowest capacity utilization ratio. This implies that almost all regional public hospitals in South Korea have not run at full capacity during the same period.
Since the capacity utilization ratio of these hospitals, except for Jeju, ranged from 0.19 to 0.93, most of them were in the diminishing area of the short-run average cost curve, which means that their average cost decreases as their output (adjusted number of patients) increases. This maybe because the size of these hospitals is so small that they can relatively easily reduce their average cost in the short-run when increasing their output.
Excepting Jeju, all of these hospitals showed comparatively low levels of the short-run scale efficiency. Jeju represented one (1); Anseong (0.91), Icheon (0.88), Seoul (0.87), and Chungju (0.87) followed Jeju whereas Suncheon (0.39), Gongju (0.39), Yeongwol (0.38), and Uljin (0.36) showed low levels of the short-run scale ef- , SRAC * , and SSE denote short-run capacity-utilization, the minimum total cost in the short-run, the minimum average cost in the short-run, and short-run scale efficiency, respectively. ficiency below 0.40. It means that except for Jeju, almost all these public hospitals were far away from the minimum average cost in the short-run during the same period by showing under one (1).
The empirical result above indicates that only Jeju has operated at the highest level of the capacity utilization whereas almost all regional public hospitals have not operated at full capacity during the same period. Also, it indicates that only Jeju has achieved the cost minimization but others have fallen in the decreasing area in the short-run average cost curve.
The annual capacity utilization ratio, using value added as an output, of the regional public hospitals across the nation showed 0.56 on average in Table 3 . Even though the capacity utilization ratio of the regional public hospitals using value added was a bit higher compared to the empirical result using an adjusted number of patients, Uljin (0.23), Yeongwol (0.27), and Gongju (0.29) still represented the low levels of capacity utilization ratio. Excepting Jeju and Seoul, almost all regional public hospitals have operated below full capacity since the capacity utilization rate of these hospitals, except for Jeju and Seoul, ranged from 0.23 to 0.85 during the same , SRAC * , and SSE denote short-run capacity-utilization, the minimum total cost in the short-run, the minimum average cost in the short-run, and short-run scale efficiency, respectively.
period. This means Jeju and Seoul have reached the cost minimization but others have failed to achieve the same ratio of decreasing average cost, which means most of them were in the diminishing area in the short-run average cost curve as their output (value added) increases.
Most of these hospitals showed comparatively low levels of the short-run scale efficiency. Jeju and Seoul represented one (1); Anseong (0.90), Icheon (0.86), and Chungju (0.85) followed Jeju and Seoul whereas Uljin (0.36) and Yeongwol (0.39) showed low levels of the short-run scale efficiency below 0.40. It means that except for Jeju and Seoul, many of them were far away from the minimum average cost in the short-run during the same period by showing under one (1) .
The empirical result above illustrates that only Jeju and Seoul have run at full capacity whereas most of the regional public hospitals have not during the same period. In addition, it illustrates that only Jeju and Seoul have reached the cost minimization but others have been in the decreasing area in the short-run average cost curve.
Conclusions and Discussion
This paper estimated the cost minimization and capacity utilization of 34 regional public hospitals in South Korea from 2007 to 2010 utilizing DEA. During the same period, we found that the annual capacity utilization ratio, using adjusted number of patients as an output was 0.49, and the figure using value added as an output was 0.56, on average. Only Jeju showed the highest level of the capacity utilization regardless of output type. In other words, almost all these public hospitals, except for Jeju, have not operated at full capacity during the time period.
Also, we learned that the annual short-run scale efficiency using adjusted number of patients as an output was 0.63, and the figure using value added as an output was 0.66, on average. When it comes to the annual short-run scale efficiency using adjusted number of patients as an output, except for Jeju, almost all these public hospitals have been far away from the minimum average cost showing under one (1) . When it comes to the annual short-run scale efficiency using value added, except for Jeju and Seoul, most of these public hospitals have failed to reach the minimum average cost showing under one (1). Thus, only Jeju showed the optimal short-run scale efficiency regardless of output type by representing one (1).
It is important whether an individual regional public hospital hires a proper amount of workers and medical equipment under the optimal size, since the capacity utilization rate allows each hospital to benefit from the information which indicates what kind of resource is a waste. Although this study has a limitation to offer in terms of a comprehensive analysis of these hospitals, future research may consider some other important data such as the quality of medical service or DRGs.
As the empirical results above showed, only Jeju has achieved not only the cost minimization but also the full capacity utilization and the optimal scale efficiency in the short-run during the time period, regardless of the output type. It illustrates that almost all regional public hospitals, except for Jeju, have not run at full capacity, and the short-run average cost of operation of the hospitals has been decreasing, during the same period. It also implies that there is the potential to possibly increase their capacity utilization ratio by utilizing unused facilities. However, taking circumstances into consideration, such as the fact that the regional public hospitals have to have invested in certain types of capital such as acute care facilities, even if these facilities remain unused as a necessary role to serve potential patients, we need to be careful when estimating the economic performance of public hospitals when considering its unique role in serving the public as a whole.
